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(d) history under OO-constraint
(a) P ’s view of execution (b) P ’s view of execution
(c) combined graph
w   ( x ) 
 w    ( y ) 
ÍfRZ[jkWU_ 6f©lwhOY[WO|%jkyKxg_W/hUek_ °rdiY[yKl~hOW\ofsygh
Y@¨ \MlOl~jk]`_`hUeK\@hhOek_%WO_N\[x\@yKx¨W~fRhO_YMmK_W\@hwfsYMyKl\@WO_l~|gyKdOekWUY[ygfRË_Nx§\[ll~ekY@¨y²fsy
ÍfRZ[jkWO_gxi¥#±ek_YMWxg_W(fldiY[]`mK\@hwfsvgnR_%¨fRhOe<hOek_mkWUY}di_NlOlwY[WO°®Y[Wxg_WIWO_in\@h~fRY[y#¥±ek_y#thOek_
l~|kl~hO_] YMygns|yk__Nxkl(hOYZ[jK\W\@yghO__Ins_Zg\Fn¢fsh~|[¥±eTjKlutfp­A<D4r5¬WU_N\[xkl
­®WOY[] 7?5/\@yKx <D4r 
WO_N\Mxkl¹­¯WUY[]F7!4¡ tghOek_(WO_Nl~jgnRh~fRykZ%egf©lwhOY[WO|^fl/l~_NªMjk_ygh~f\Fn¢fsËN\vgns_[¥
Y[hU_(hOeK\@hhOek_\@vKY@[_(mkWUY[vgnR_] ¨Y[jgnxYkddijkW
vK_Nd\@jKl~_ykYdiYM]`mKY[yk_yghfsyhOek_lw|}l~hU_]
eK\[l
\Fn¢nXhOek_(fRyg­®Y[WO]\@hwfsYMy»yk_Ndi_NlOlO\WO|hOY`_yg­®Y[Wdi_IhOek_  °rdiY[yKlwhOW\FfRyghN¥ ¹\[dUemkWOY}di_NlUl~Y[W
Y[vk°
h\ofsyKl^Y[ygnR|§mK\@WOhwf©\on¬fRyg­®Y[WO]\h~fRY[yfRyg­¯YMWO]\@h~fRY[y \vKY[jkh%hOek_¨W~fRhO_YMmK_W\@hwfsYMyKl`vg| \onpn
hOek_
mkWOYkdi_NlOl~YMWl\@yKxÌhOek_
nRY}d\FnWO_N\[x%Y[m_W\@h~fRY[y¶vT|^fRhl~_in¢­w¥¸¬\Ml~_NxY[yhUek_
fsyKdiYM]`mgnR_hO_Ifsyg­®Y[WO]%\@°
h~fRY[y#tF_N\[dUemkWOYkdi_NlOl~YMW#hOW~fR_NlhOY_yg­®Y[Wdi_DhUek_  °rdiY[yKl~hUW\FfRyThFto\@yKxI\[l#\WO_Nl~jgnRhNthUek_DmkWOYkdi_NlOl~Y[Wil
_Nl~hi\@vgn¢f©lwe»fRyKdiY[]^mK\@h~fRvgnR_¤di|kdUn¢fdWU_in©\h~fRY[y#¥
c mkWOY[hUY}diY@nkmkWO_Nl~_yghO_NxIfRy
[flvK\[l~_Nx¤Y[yhOek_% °rdiY[yKl~hOW\ofsyghN¥@¦¡hD\[lOl~jk]`_NlX\
]jgnRh~fRmkWOY[°
di_NlOlwY[W\@WdUegfshU_NdihOjkWO_
hOeK\@hXfRyghO_WdiY[ykyk_Ndihil% mkWUY}di_NlOlwY[Wl¹¨fRhOe2% Y[vk~_NdihD]`_]`YMWO|]`Y}xgjgnR_Nl
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ M
vg|µ\¤vkj _WU_Nx]jgnRh~fl~h\@Z[_(yk_h~¨Y[WO·0¥ ¹\[dUeY[vk~_Ndih]`_]`Y[WU|`]`Ykxgjgns_l~hOY[WU_Nl\xMf©l¯Y@fRygh2lw_h
Y@­0Y[vk~_Ndihl¥[±egjKltFY[yk__i{khOWO_]`_¹flXhUeK\@hX_N\[dUe]^_]`Y[WO|I]`Y}xgjgnR_/lwhOY[WO_Nl_i{K\[dih~nR|YMyk_Y[vk~_NdihN¥
¹\[dOe¨W~fRhO_\@yKx%WO_N\[x^Y[m_W\@h~fRY[y%fll~_yghhOYhOek_\MlOl~YkdUf©\hO_Nx%Y[vk~_Ndih]`_]`Y[WO|^]`Y}xgjgnR_\@yKx
mkWOYkdi_NlOl~_Nx^vg|hUek_]`Ykxgjgns_(l~_NªMjk_yThwf©\onpnR|[¥k¦¡y`hOegfl\@mkmkWOYT\MdOe#t@_N\[dUe`Y[v _NdihX]`_]^Y[WO|]`Ykxgjgns_
Y[vkhi\FfRyKlhUek_µdiY[]^mgns_hU_`fRyg­®Y[WO]\@hwfsYMy yk_Ndi_NlOlU\@WO|hOY»_yg­®Y[Wdi_%hOek_  °rdiYMyKl~hOW\FfRygh hOeK\@hf©lut
hOek_IfRyg­®Y[WO]\@hwfsYMy²\vKY[jkh(\Fn¢nDhOek_%rWO_N\[x¶\@yKx¶¨W~fRhO_@Y[mK_Wi\@h~fRY[yY[yhOek_Y[vk~_NdihN¥K±ek_WU_i­¯Y[WU_[t
hOek_  °rdiY[yKl~hOW\ofsygh\@yKxInR_ZT\Fn¢fRh~|\@WO__N\[lfpnR|`_yg­®Y[Wdi_Nx0tk\@yKx¤hOek_mkWOY[vgnR_]³xg_NlOdiW~fRvK_Nx\@vY@[_
xgYg_NlykYMhY}ddijkWF¥
¦ry9hOegfl%mkWOY[hOYkdiY@nrt¹ekYo¨_[_WFtX_yg­¯YMWdUfRykZ§mkWOY}di_NlUl~Y[WO°®Y[Wixg_WWO_in\@hwfsYMy fl%]`YMWO_xMf¢´µdijgnRhN¥
@fRyKdi__N\[dUeWO_NªMjk_Nl~heK\Ml(hOYmK\[lUl  nsYMZ%]jgnshwf©lwh\@Z[_lw¨fRhdOek_Nlut#hOek_`mkWUY[hOYkdiY@nDhOW~fR_NlIhOY
egfxg_»yk_h~¨Y[WO·¶n\@hO_yKdi|vT|mgfRm_inpfRygfykZ§WU_Nª[jk_Nl~hil¥Ö±egjKltf¢­/h~¨YdiY[yKl~_NdijkhwfsM_WO_Nª[jk_NlwhlIvT|
Y[yk_mkWOYkdi_NlOl~YMW/\@WO_IWOY[jkhO_NxÌhOYxMf #_WO_yTh
]`_]`YMWO|]`Ykxgjgns_Nlut0hOek_|]\F|ykYMh2\@WUW~fR[_\@h
]`_°
]`YMWO|»]`YkxgjgnR_Nl
fRyhOek_%lO\@]`_IY[Wxg_W\[l
hOek_mkWOYkdi_NlOl~YMWO°®Y[Wxg_WN¥0¦¡yY[Wxg_W(hUYZ[jK\W\@yghO__hOek_
mkWOYkdi_NlOl~YMWO°®Y[Wxg_W(WO_in\@hwfsYMy#t0hOek_mkWOY[hOYkdiY@nD\@hOh\[dUek_Nl
\l~_NªMjk_yKdi_`ygjk]vK_W(hOY%_N\[dUeWU_Nª[jk_Nl~hF¥
¹\[dOe]`_]^Y[WO|]`YkxgjgnR_`]\FfRygh\FfRy \^h\@vgnR_[t0Y[yk__yThUWO|­®Y[W
_N\[dOemkWOYkdi_NlOl~YMWNtK¨egf©dUe l~hUY[WO_Nl
hOek_(yk_i{kh/l~_NªMjk_yKdi_(ygjk]v_WY@­XhOek_
WO_Nª[jk_NlwhhOYvK_(_i{k_NdijkhO_Nx0¥0@fRyKdi_\onpn]`_]`Y[WO|^]`Y}xgjgnR_Nl
]jKl~hDl~__
\(diY[yKl¡fl~hO_yghX[fR_¨ Y@­:hOek_h\@vgnR_[t@hOek_|`diY[]`]jkygfd\@hO_¨fRhOe`_N\MdOe`YMhOek_WXhOY
jkm:xk\@hO_
\Fn¢nXhOek_(h\@vgnR_I_yThOWwfs_Nl¨ek_yk_[_W
\@y»Y[m_W\@h~fRY[y%flmK_W~­®Y[WO]^_Nx»\@hYMyk_(]`Y}xgjgnR_[¥0±#Y%\[dOegfR_[_
hOegfl
\@hegfRZ[el~mK__Nx0tkhUek_mkWOY[hUY}diY@nÖ\[lUl~jk]`_NleK\@Wixg¨6\WO_2lwjkmkmKY[WOhF¥
   
 )*4%O)56/	#	(Î$`0&  	 .   Î
& 	
¹(K	#"#2/	#
«_eK\F[_Dxg_[_inRY[m_Nxh~¨YmkWOY[hOYkdiY@nl­¯Y[Wl~_Nª[jk_ygh~f\Fn¢nR|`diY[yKl¡fl~hO_ygh×IT l~|}lwhO_]l YMyk_¬vK\Ml~_Nx
Y[yhUek_(« «9°rdiY[yKlwhOW\FfRygh¬\@yKx\@ykYMhOek_WvK\[l~_Nx%Y[yhOek_  °rdiY[yKl~hUW\FfRyThF¥k¦ryhOegfllw_Ndih~fRY[y#tk¨_
vkW~fR_K|fRyghOWOYkxgjKdi_hUek_Nl~_h¨YmkWOYMhOY}diYn©lu¥Y[hU_hUeK\@h\[lfRyhOek_`mkWUY[hOYkdiY@nlfsy Kt 
rt0vKYMhOe
mkWOYMhOY}diYn©l6]\F|MfRY@n\@hO_hUek_(¨¬_in¢nR°>­®Y[WO]`_NxÌmkWOY[mK_WUh|%¨fRhOekY[jkh
\@y_i{}hUW\]`_NdUeK\@ygfl~]»¥
 	
 
 
   /  +
  /  
 
	 
/- B/
  7 7  INÔÔ#@Ô 
cn¢nhOekWO__mkWOYMhOY}diYn©l^­®Y[Wl~_NªMjk_yTh~f\Fn¢nR| diY[yKlf©lwhO_yTh»IT l~|kl~hO_]l^vK\[l~_Nx Y[y9hOek_«9«9°
diY[yKlwhOW\FfRyghWO_MfR_¨_Nx§fRy9hOek_mkWO_MfRY[jKll~_Ndih~fRY[y9WO_inR| YMy \@hOYM]fdvkWOYT\Mxkd\[l~h~fRykZ­¯Y[Wl~|gyk°
dUekWOY[ygfRËN\@h~fRY[y Y@­¨WwfshU_YMmK_W\@hwfsYMyKl¥D¦ ­`hOek_jkyKxg_W~nR|[fRykZ9eK\@Wxg¨\@WO_¶mkWOY@[fxg_Nl\@y\@hUY[]fd
vkWOYg\[xkd\[l~h­r\[dUf¢n¢fRh|[t hOek_Nl~_(mkWOY[hUY}diY@nld\yvK_(fR]`mgnR_]`_yghO_NxÌ_i´µdUfR_yTh~nR|[¥ Y@¨_[_WNtg¨fRhOekYMjkh
l~jKdUelwjkmkmKY[WOhFtkhOek_|d\@yvK_I_i{}m_yKl¡fR[_[¥
 ä! !)*&$
     Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿
¸¬\Ml~_Nx`YMyhOek_(l~_NªMjk_yThwf©\onpfRËN\@vgf¢nRfRh~|»hUek_Y[WO|[t[¨_
eK\F[_2xg_M_insYMmK_Nx\@y%_i´µdUfR_yThmkWOY[hOYkdiY@n 
­®Y[WDl~_NªMjk_yThwf©\onpnR|diYMyKl¡fl~hO_ygh¬IT l~|}lwhO_]lt@\FfR]fRykZ\@hD\y`_yTMfRWOY[yk]`_yghX¨ek_WO_ykYl~mK_NdUf\Fn
l~jkmkmY[WOh­¯YMW/\@hOY[]¤f©d
vkWUYT\[xkd\[l~h_i{gfl~hl
\@yKxhOek_diYgl~hY@­DdiY[]`]jkygfd\@h~fRY[yÌf©legfRZ[e#t0l~jKdOe»\Ml
xMfl~hOWwfsvkjkhU_Nx]`_]^Y[WO|mK\@W\onpnR_in]\[dUegfsyk_Nlu¥#±ek_`mkWOY[hUY}diY@nX_in¢fR]fRyK\@hO_Nl(hUek_`yk__Nx¶Y@­6\@hUY[]fd
vkWOYg\[xkd\[l~h\@yKxl¡fRZ[ygf¢£:d\@yThwns|WO_NxgjKdi_Nl(hOek_`\@]^Y[jkyTh(Y­6diY[]`]jkygfd\@h~fRY[y¨ek_y diY[]`mK\WO_Nx
¨fRhOe hOek_mkWO_MfRY[jKl%hOekWO__mkWOYMhOY}diYn©lu¥XcnRhOekYMjkZ[e hOek_mkWUY[hOYkdiY@n/\[xgY[mkhlhUek_fRyT@\Fn¢fxk\@h~fRY[y
\@mkmkWUYT\[dUe#tK\]`YkxMf¢£:d\@h~fRY[y»hUYfRyKdiY[WOmKYMW\@hO_(hOek_(jkm0xk\@hO_\@mkmkWOYT\[dUe%fl/lfs]^mgns_[¥
±ek_/mkWUY[hOYkdiY@n:jKl~_Nl\Il~eK\@WO_Nx^]`_]`Y[WU|]^Y}xgjgnR_\@vKl~hUW\[dih~fRY[yUT»_]ÌÖ¨egfdUe¨¬YMWO·}lX\Ml
\(di_yghOW\Fn¢fRË_Nx\@WOvgfRhOW\hOY[WN¥@T¶_]Î]\ofsygh\FfRyKl]`_]^Y[WO|
­®Y[WÖ\Fn¢nKhOek_¹Y[vk~_Ndihl#Y­KhOek_IT!l~|kl~°
hO_]¶¥ ¹\[dUe`mkWOYkdi_NlOl~Y[WeK\[lnRY}d\onmkWUY}di_NlOlwY[WD]`_]^Y[WO|\@yKx%d\@ydiY[]`]jkygfd\@hO_
¨fRhOe¶T»_]¶¥
cn¢n¨W~fRhO_Y[m_W\@h~fRY[yKl\@WO_
l~_yTh¹hOYT¶_]»tT\yKxT¶_]_i{k_NdijkhO_Nl¹hOek_YMmK_W\@hwfsYMyKlDvg|jkm:xk\@°
h~fRykZ^fRhl
]`_]`Y[WU|µl~_NªMjk_ygh~f\Fn¢ns|¶hOY%_yg­¯Y[Widi_hOek_I« «9°rdiY[yKlwhOW\FfRyghN¥k±ek_h~fR]`_¨ek_yT¶_]
jkm0xk\@hO_NlfRhlI]`_]`Y[WO|¶fl(hUek_h~fR]`_^¨ek_y hUek_¨¨°>npfl~h%\yKx 0cIT±¹flIjkm:xk\@hU_Nx0¥Ö¦ ­/\
WO_N\Mx`Y[m_W\@h~fRY[yhUW~fR_NlDhUY\[ddi_NlOl\@y`fRygo\Fn¢fxk\@hO_NxÌo\FnRjk_
fRy%fRhlmkWOYkdi_NlOl~YMWD]`_]`YMWO|[tghOek_/mkWUY[°
di_NlOlwY[W¬\[ddi_NlUl~_NlD\
@\Fn¢f©x^o\onsjk_­®WOY[]³T¶_]»¥Y[hO_hOeK\@hXhOek_l~eK\WO_Nx]`_]`YMWO|]`YkxgjgnR_fl¹\@y
\@vKlwhOW\[dih~fRY[y#¥M¦rh¹]\F|v_fR]`mgnR_]`_yghO_NxÌvT|`\lwmK_NdUf\Fn#mkWOYkdi_NlOl~Y[WfsyhUek_yk_h~¨¬YMWO·:¥ Y@¨_[_WNt
Y[hUek_W]^_hOekY}xklId\@y<vK_%jKl~_Nx0¥XÍkY[WI_i{ \@]^mgns_[thOek_%]`_]`YMWO|Y[vk~_Ndihl(]\F|¶vK_WO_mgn¢fd\@hO_Nx0t
\@yKx¶ª[jkYMWOjk]!mkWOY[hUY}diY@nl]%\N|^vK_jKlw_NxhOYfR]`mkWUYoM_
­ \@jgnRhhUY@nR_W\@yKdi_\yKx\[ddi_NlOl¡fRvgf¢n¢fsh~| 
r¥
yKxg_WhUek_\@vKY@[_(\[lOl~jk]^mkh~fRY[yKltghOek_
« «9°rdiY[yKlwhOW\FfRygh6\yKx%hOek_/mkWUY}di_NlOlwY[WO°®Y[Wxg_WWO_in\@°
h~fRY[y»\WO_(yK\@hOjkW\onpnR|%_yg­¯YMWdi_Nx0¥k¦ryYMWxg_WhOYZ[jK\@Wi\@yThU__nR_ZT\Fn¢fRh~|[tk¨_(eK\F[_2xg_M_insYMmK_Nx»\¤]`_°
dUeK\@ygfl~]vg|¨egfdOeÌT»_]³d\@y_i´µdUfR_yThwns|¤f©xg_ygh~f¢­®|`Y[vKl~Y@nR_hO_o\FnRjk_NlXek_inx¤fRyhOek_mkWOYkdi_NlOl~YMW
]`_]^Y[WO|Y@­_N\[dUe<mkWOY}di_NlUl~Y[WN¥±egfl]^_NdOeK\@ygfl~] ]fRygfs]¤fsË_Nl^hOek_\]`Y[jkyghY@­fRyg­®Y[WO]\h~fRY[y
KY@¨ \@]^Y[ykZmkWOYkdi_NlOl~Y[Wil`l~YhOeK\@h`YMygns|<fRyg­®Y[WO]\h~fRY[y§yk_Ndi_NlOlO\@WU| hOY]\FfRyThi\FfRy l~_NªMjk_yThwf©\on
diY[yKlf©lwhO_yKdi|§fl%mkWOY[mK\ZT\@hO_Nx<hOY_N\[dOe mkWOYkdi_NlOl~Y[WN¥¹±egfl^­¯jkWOhUek_WWO_NxgjKdi_Nl^hOek_\@]`Y[jkygh`Y@­
diY[]^]jkygfd\@hwfsYMy#¥
  7    Ðk 5 	> Ô :KF	KÐgÐ RÐ K RiÑ
0_h <G4¡50XvK_\@y%fRyThU_WOyK\Fn#WO_N\[x%Y[m_W\@h~fRY[yY­ 4¥ 0_h &4( 4Öv_hOek_
n\[l~h_i{khO_WOyK\FnY[mK_W\h~fRY[y
¨egfdUemkWO_Ndi_Nxg_Nl<D4r:50kfRy 4~¥c2l±ek_Y[WU_]   l~h\hO_NltY[yk_D\mkmkWOYT\[dUe(hOYZ[jK\W\@yghO__nR_ZT\Fn¢fRh|
fl
hOYmkWO_[_ygh×\@yg| <G4¡50k­®WOY[] WO_N\[xMfRykZ2\6o\FnRjk_¨W~fRhOhO_yIvT|(\¨W~fRhO_XY[m_W\@h~fRY[yI¨egfdOemkWO_Ndi_Nxg_Nl
@«   0cIT± 4 < 4 5OO¥ jkW]`_NdUeK\@ygfl~]³flhUYeK\F[_IT¶_]!_i´µdUfR_ygh~nR|%f©xg_ygh~f¢­®|[tk¨ek_yk_[_W
fRhD_i{k_NdijkhO_NlX\@y_i{khO_WOyK\FnKYMmK_W\@hwfsYMy8&)(4~t@¨egfdUe`Y[vk~_Ndihlfsy /4 ålmkWOYkdi_NlOl~Y[WX]^_]`Y[WO|xgY\@yKx
xgY
ykY[hekY@nxhUek_Xn\[l~hO°®¨W~fRhO_D@\FnRjk_Nl¨fRhOeWO_Nl~mK_NdihhOY 0cIT±¥N¸\[l~_NxIY[yIhOegfl0fRyg­®Y[WO]\@hwfsYMy#t
hOek_l~|kl~hO_] fRyT@\Fn¢fxk\@hO_Nl^hOek_`Y[vk~_Ndihl 5fRy  4 ålmkWOY}di_NlUl~Y[W]`_]`Y[WU|¨egf©dUe xgYykY[hekYn©x
 ø Nñ>ãåÚ¡ß:èFÚì®ë~ñ>ãåÛFÜ>ãåÞäIÞOßKÜ®ôuãåìÖÛFñ®ÞÜ®Þë~ÞTãåìXçåì®Þ6ßsÞiâNäFè
ãåä  Ý
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ }
hOek_^o\FnRjk_¨W~fRhOhU_yvT| @«   0cIT±  ¥Ö±6egf©l2flhUek_`h~fR]`_`¨ek_y 0cIT± 4 fljkm0xk\@hO_Nx¶b
0cIT±!4~=&)(4¡Dv_NdiY[]`_Nl 0cIT±¬¥
T»_] ]%\FfRyTh\ofsyKlI\`h~¨YxMfs]^_yKl¡fRY[yK\Fn¬vgfRyK\@WU|²\WOW\F|[t Y@nx #\[l~h «W~fRhO_ åVWOYkdi_NlOl~Y[W °
\ykZ[_[t vk~_Ndih \@ykZ[_
r¥@chD\@yT|Ih~fR]`_[t Y@nx \[l~h «W~fRhO_ 0  5 
Mfla¹f¢­:YMvk_Ndih5fsy^hOek_nRY}d\on
]`_]^Y[WO|`\@hXmkWOYkdi_NlOl~Y[W40ekY@nxkl¹hOek_o\onsjk_
¨W~fRhOhU_y`vT| @« g 0cIT±¹ FfRhXfl  
Y[hOek_WO¨6f©lw_[¥
ÍfRWl~hFtk_N\[dUe_ins_]^_yTh
Y@­ Y@nx #\[lwh «WwfshU_
f©l6fRygfRh~f\Fn¢fsË_NxhOY  k¥
c5xg_h\Ff¢nR_Nx xg_NlOdiW~fRmkh~fRY[y Y@­hOek_mkWOYMhOY}diYn\@yKx fshildiY[WOWO_NdihOyk_NlUl%mkWOYTY­¤\@WO_Z@fR[_y fsy
c
mkmK_yKxMf¢{ ¸
¥T¶_] jkm:xk\@hU_Nl Y@nx #\[l~h «WwfshU_%fsy hOek_­®Y@n¢nRY@¨fRykZ ¨\F|[¥« ek_y T¶_]
m_W~­¯YMWO]l 7!4r:50t 7&4r5DvK_NdiYM]`_Nl 0cIT± KhUek_WO_i­¯YMWO_[tKYMygns|hUek_mkWUY}di_NlOlwY[W/]^_]`Y[WO|%­®Y[W
5 \@h4ekYn©xkl @« g 0cIT±¹t\@yKx9mkWUY}di_NlOlwY[W»]`_]^Y[WO|§­®Y[W5\h»\Fn¢nY[hOek_WmkWUY}di_Nl~°
l~YMWl¨f¢n¢nDykY`nRY[ykZM_W/ekY@nx @«   0cT±  ¥K±egjKltY@nx #\[l~h «W~fRhO_ 0  5 
Kfl(l~_hhOY»a\@yKx
Y@nx #\[l~h «WwfshU_ 0  
rt  5tMf©ll~_hhOY  ^rWO_i­®_WhOY`l~hO_mKl
dFD\@yKx¶~xÖfRy¶hOek_/mkWUY[hOYkdiY@n0fsy
c
mkmK_yKxMf¢{ ¸¥
T»_] \FnR¨\N|kl
ekY@nxklIhOek_`@\FnRjk_¨W~fRhOhO_yvg|hOek_n\[l~hU°®¨W~fRhO_%Y[mK_W\h~fRY[y¨fRhOeWU_Nl~mK_Ndih
hOY 0cIT±  ¥k±egjKltg¨ek_y»\@y%_i{}hU_WOyK\Fn#WO_N\[x^Y[mK_Wi\@h~fRY[y< 4 50fl_i{k_NdijkhO_Nx\@h
T¶_]»tghOek_
@\FnRjk_fRy¶hOek_(mkWOYkdi_NlOl~Y[W]^_]`Y[WO|^­¯YMWY[vk~_NdihE5»\@hA4vK_NdiY[]`_NlhOek_n©\Ml~hO°®¨W~fRhO_(@\FnRjk_¨fRhOe
WO_NlwmK_Ndih(hOY 0cIT± 0hOek_WO_i­®Y[WO_[t Yn©x #\Ml~h «W~fRhO_ 0  #5 
0fl(l~_h
hOYa`¡WO_i­¯_W
hOYl~hO_m<®­Nfsy
hOek_ImkWOY[hOYkdiY@n0fRy»c
mkmK_yKxMf¢{²¸¥
« ek_y T¶_] _i{}_NdijkhO_Nl¶\@y _i{khO_WOyK\on2Y[m_W\@h~fRY[y9vg| /4~t¹fRhWU_hOjkWOyKl%hOek_0   WOY@¨!Y@­
Y@nx #\[l~h «WwfshU_hUY /4~¥ mKY[y \<WO_Ndi_ifRmkh»Y@­hOek_fRyg­¯YMWO]\@h~fRY[y#tE4IfRyT@\Fn¢f©xk\hO_Nl¶Y[vk~_Ndih
@\FnRjk_NltFfRy(fRhlmkWOY}di_NlUl~Y[W]`_]`Y[WO|[tFdiY[WOWO_Nl~mY[yKxMfRykZ(hOYA5Il~jKdOeIhOeK\@h Y@nx #\Ml~h «W~fRhO_ 0  #5 
 
 %¡WO_i­¯_WhOYl~hO_mKl2\gtrv0tr_@it}\yKxrZkfRy»hUek_(mkWOY[hOYkdiY@n0fRy»c
mkmK_yKxMf¢{ ¸i¥
   
 H 
  B+
  /  
  	 
-   
c(lxMflOdijKlOl~_NxµfRy[_Ndih~fRY[yKtghOek_ °rdiYMyKl~hOW\FfRyghfl_N\[l¡fR_WhUY_yg­®Y[Wdi_(YMyµ\@y%fR]`mgnR_]`_ygh\@°
h~fRY[y%¨egfdUe»xgYT_Nl¹ykY[hjKl~_
mkWOYkdi_NlOl~Y[W]`_]`YMWO|[¥[¦¡yhOegfll~_Ndih~fRY[y#tg¨_(l~·[_hdUeYMyk_]`_hOekYkx%hOY
\@mkmgnR|hOek_ °rdiYMyKl~hOW\FfRyghhOY`l~|kl~hO_]l¹¨fRhOemkWUY}di_NlOlwY[W]`_]`Y[WO|[¥g¦¡yY[jkW«9«9°rdiY[yKl~hOW\ofsygh
vK\[lw_Nx§mkWOY[hUY}diY@nrtT¶_] ]%\N|vK_NdiY[]`_\vKYMhOh~nR_yk_NdO·0¥yk_¶¨6\F|<hOYWO_in¢fR_[_hOek_%nRYT\[x<Y@­
T¶_] f©l
hUYxMfR[fxg_T¶_] fsyghOYl~_[_W\onÖmkW~fR]\@WO|]^_]`Y[WO|%]`Ykxgjgns_Nl(\yKxxMfl~hUW~fRvkjkhO_hOek_
~Y[vY@­T¶_] hOY%hOek_Nl~_]`_]`Y[WU|]`Y}xgjgnR_Nl¥¹\[dUe»]`_]`YMWO|»]`YkxgjgnR_eK\@yKxMnR_Nl\%l~jkvKl~_h(Y@­
hOek_IY[vk~_NdihlfRy»hOek_IT ¥
c,xg_h\ofpnR_Nx¶xg_NlOdiW~fRmkh~fRY[yY@­ÖhOek_(mkWUY[hOYkdiY@nÖ\@yKx^fRhldiY[WOWU_NdihOyk_NlOl¹mkWOYgY@­\WO_/ZfsM_yfRyc/mk°
m_yKxMfp{ /¥[cÎl~|kl~hO_]!diY[yKl¡fl~hilDY­Ö]jgnshwfsmgnR_ImkWOY}di_NlUl~Y[Wl\@yKx%]`_]^Y[WO|`]`YkxgjgnR_NldiY[ykyk_NdihO_Nx
Mf\\Iyk_h~¨Y[WO·0¥ ¹\[dUemkWOYkdi_NlOl~YMWfl_Nª[jgfRmkm_Nx»¨6fshUe»mkWOYkdi_NlOl~Y[W]`_]^Y[WO|[¥ 0_hhOek_(]^_]`Y[WO|
]`YkxgjgnR_¨egfdOe<eK\@yKxMnR_NlY[v _NdihrYMW\»lw_hY@­Y[vk~_NdihliA5vK_xg_ykY[hO_Nx<VD¶_] k¥« ek_y<\
mkWOYkdi_NlOl~YMW&4f©lUl~jk_Nl\¨W~fRhO_/YMmK_W\@hwfsYMy7!4®5t@fRh/l~_yKxkl\I]`_NlOlU\@Z[_
hOYV¹»_] }¥M«9ek_y/4
flOl~jk_Nl\(WO_N\[x^Y[m_W\@h~fRY[y2<G4¡50itFfshhOW~fR_NlXhOYWO_N\MxI­¯WUY[]ÎfRhl¹mkWOYkdi_NlOl~Y[W]`_]^Y[WO|[¥ Y@¨_[_WNtFf¢­
 ä! !)*&$
     Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿
hOek_Io\FnRjk_fl6fRyT@\Fn¢f©xk\hO_Nx0t 4 l~_yKxkl(\]`_NlUlO\@Z[_IhOYVD¶_]  ¥K±6eTjKlt0l~|gyKdOekWUY[ygfRËN\@h~fRY[yY@­D\
mK\FfRWY­_i{khO_WOyK\onYMmK_W\@hwfsYMyKl¡_ifshUek_W6\ImK\FfRWY@­Ö¨W~fRhO_/YMmK_W\@hwfsYMyKlDYMW¬\ImK\FfRWY@­×\@y`_i{khO_WOyK\on
WO_N\Mx\@yKx\Ì¨W~fRhO_`Y[m_W\@h~fRY[yKl fl(_N\[lfpnR| \MdOegfR_[_NxvT|VD¶_] k¥ Y@¨_[_WNt0l~|TyKdUekWOY[ygfRËN\@°
h~fRY[y§Y­2\¨W~fRhO_YMmK_W\@hwfsYMy \@yKx§\y<fsyghO_WOyK\on6WU_N\[x<Y[mK_Wi\@h~fRY[y<fl`xMf¢´µdijgnRhN¥&jkW`]`_hOekYkx
hOY%\[dOegfR_[_l~jKdUel~|gyKdOekWUY[ygfRËN\@h~fRY[y¶flhOYeK\F[_I]`_]`Y[WO|%]`YkxgjgnR_Nl/diY[]^]jkygfd\@hU_¨fRhOe¶Y[yk_
\@ykYMhOek_W¨ek_y\@y_i{}hU_WOyK\FnÖY[m_W\@h~fRY[y%flmK_W~­®Y[WO]^_Nx0¥
0_h 0cIT±  xg_ykY[hU_hOek_¨WwfshU_Y[mK_Wi\@h~fRY[y¨egfdUe9flm_W~­¯YMWO]`_Nx9]`Ygl~hWO_Ndi_ygh~nR| \@h
V¹»_]  ¥D\[dUe»VD¶_]  ]\FfRygh\FfRyKl]`_]^Y[WO|  hOY`l~hUY[WO_(Y[vk~_Ndihl\@yKx%Y[yk_xMfR]`_yKl¡fRY[yK\Fn
vgfRyK\@WO|§\@WOWi\N| Yn©x #\Ml~h «W~fRhO_ åVWOYkdi_NlOl~Y[W \@ykZ[_
r¥Y@nx #\[lwh «WwfshU_  0 
  af  4  l
mkWOYkdi_NlOl~YMW]`_]`Y[WU|ekY@nxklhOek_(o\onsjk_¨WwfshUhO_yvT| 0cIT± K¥
« ek_yC 4 flOl~jk_Nl\@y_i{khO_WOyK\FnDY[m_W\@h~fRY[y@&4( 4 YMyY[vk~_Ndih 5#t0hOek_^]`_NlOlO\@ZM_hUY»VD¶_] 
diY[ygh\FfRyKl
ykY[hY[ygnR|»hOek_IY[mK_W\h~fRY[yfRhl~_in¢­Ot0vkjkh2\on©lwYhOek_IfRyg­®Y[WO]\@hwfsYMy\@vY[jkh/¨egf©dUeo\FnRjk_Nl
fRy 4 ål(mkWOYkdi_NlOl~YMW]^_]`Y[WO| \WO_dijkWOWO_ygh~nR|<o\Fn¢fx0¥Xc(lOl~jk]`_hOeK\h\¶o\FnRjk_Y@­ ¶fl(fRy 4  l
mkWOYkdi_NlOl~YMW¬]^_]`Y[WO|[¥kVD¶_] gtghOek_y#tkdiY[]`]jkygfd\@hO_Nl¨fRhOeVD¶_]  (hUYl~__
f¢­ 4 ålX]^_]`Y[WO|
diY[ygh\FfRyKlhOek_(o\onsjk_I¨W~fRhOhO_y¶vT| 0cIT±   ¥
a[¥¦®­l~YKt\­®jkhOjkWO_fRyghO_WOyK\FnWO_N\Mx YMmK_W\@hwfsYMyY[y §vg| /4I¨egfdOe ¨Y[jgnx WU_N\[x ­®WOY[]
/4 ålImkWOYkdi_NlOl~Y[W^]`_]`Y[WO|[tXlO\F| <D4® tflY[Wxg_WO_Nx  fsy§hUek_YgY[°®WO_in\@h~fRY[y0fsy vK_h~¨__y
0cIT±  \@yKxIhOek_Dyk_i{khÖ¨W~fRhO_Y[mK_W\h~fRY[yY[y K¥@±egjKltFhOek_¬l~|kl~hO_]ÎxgYg_Nl#ykY[hfRyT@\Fn¢fxk\@hO_
hOek_`@\FnRjk_`Y@­%fRy  4 ål
mkWOYkdi_NlOl~Y[W(]^_]`Y[WO|[¥rWU_i­¯_W(hOY»lwhO_m<dFfRyhOek_^mkWOY[hOYkdiY@nfsy
c/mkm_yKxMf¢{ 
k¥%hOek_WO¨fl~_[t!<G4¡ (fl`YMWxg_WO_Nx§\F­®hO_W`hOek_dijkWOWO_ygh cT±  ÌfRy hUek_»YgY[°®WO_in\@h~fRY[y9\@yKx
l~ekY[jgnxykY[hXWU_N\[x`\
o\onsjk_6fsy24 ålmkWUY}di_NlOlwY[WX]`_]`Y[WU|[¥[±eTjKlut@hOek_l~|}lwhO_] fRyT@\Fn¢f©xk\hO_Nl
hOek_o\FnRjk_%Y@­ µfRy /4 ål
mkWOYkdi_NlOl~YMW(]`_]`Y[WO|[¥rWO_i­®_W(hOY»l~hU_m ¡v0fsyhOek_mkWOY[hOYkdiY@nfsy
c/mkm_yKxMf¢{ 
¦®­(hOek_µlw|}l~hU_]5eK\MleK\Wxg¨\@WO_l~jkmkmKY[WUhNtXl¡fR]f¢n©\W`hOYhOek_%Y[yk_»xg_NlOdiW~fRvK_Nx fRy 
rtÖdiYM]`°
]jkygfd\@h~fRY[y\@]`YMykZ]^_]`Y[WO|%]`Ykxgjgns_Nl(d\yvK_xgYMyk__i´µdUfR_ygh~nR|[¥K¦¡yl~jKdUe\`lw|}l~hU_]»tk_N\[dUe
]`_]^Y[WO|]`YkxgjgnR_`]\@yK\@ZM_NlhOek_Ih~¨¬YxMfR]`_yKl¡fRY[yK\FnDvgfRyK\@WU|\@WOWi\N|\[l
Y[jkW
«9«9°rdiY[yKl~hOW\ofsygh
vK\[lw_NxmkWOY[hOYkdiY@nr¥0«9ek_y VD¶_] mkWUY}di_NlOlw_Nl(_i{khO_WOyK\FnDY[m_W\@h~fRY[y&)(4~t0fRhl~_hlI\@yKxWO_Nlw_hlt
vg| jKlfsykZ<hOek_eK\@Wixg¨6\WO_»l~jkmkmKYMWOhNtX_yghOW~fR_NlY@­ Y@nx \[l~h «W~fRhO_]\@yK\Z[_Nx<vT|§\Fn¢n/Y[hUek_W
]`_]^Y[WO|%]`Y}xgjgnR_Nl6fRy»hOek_lO\@]`_(¨\F|\[l¹_i{kmgn©\ofsyk_Nx\@vKY@[_[¥
±egflmkWOY[hOYkdiY@n]\F|v_»diY[]vgfsyk_Nx ¨fRhOe§hOek_%£KWlwhmkWUY[hOYkdiY@nhOY¶­¯Y[WU] \¶egfR_W\@WidOegfd\Fn
mkWOYMhOY}diYn ¥ c2lOlwjk]`_/hUeK\@hl~|}lwhO_]!diY[yKl¡fl~hlY­\I¨fxg_\@WO_N\Iyk_h~¨Y[WO·`hUeK\@hdiY[ykyk_Ndihll~_M_W\Fn
nRYkd\Fn\WO_N\`yk_h~¨Y[WO·kl¥gc(lOl~jk]`_IhOeK\@hhOek_\[ddi_NlOlmK\@hOhO_WUyY@­DhOek_mkWUY}di_NlOlwY[Wl¹fRy_N\[dUenRY}d\on
\@WU_N\yk_h~¨¬YMWO·l~ekY@¨/l¹nRYkd\Fn¢fRh|hOeK\@h¹fltk_N\[dUe»yk_h~¨Y[WO·`hU_yKxklhOY\[ddi_NlUl\`di_WOh\ofsy¶mKY[WUh~fRY[y
Y@­XhOek_l~eK\WO_Nx%]`_]`Y[WU|Y[v _Ndihl¹]`YMWO_(Y@­®hO_yhOeK\@yY[hUek_W¬mK\WOhl¥k±ek_y#tk¨6fshUegfsy_N\[dUe%nRY}d\on
\@WU_N\yk_h~¨¬YMWO·:tghOek_I«9« °rdiYMyKl~hOW\FfRyghvK\[l~_NxÌmkWOY[hOYkdiY@n0fljKlw_Nx0t:\@yKxÌ¨fRhOegfRy»hOek_I¨fxg_\@WU_N\
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ M
yk_h~¨Y[WO·0t0hOegfl °rdiY[yKlwhOW\FfRyghvK\[l~_Nx²mkWOY[hOYkdiY@nXfl(jKl~_Nx<\[l(xMfl~hOWwfsvkjkhwfsykZmkW~fR]\@WO|¶Y[vk~_Ndih
]`YkxgjgnR_Nl
vK\[l~_Nx%Y[yhUek_mK\@hOhU_WOyY­ÖnRYkd\Fn¢fsh~|[¥
  6(
[_yhOekY[jkZ[e%hOek_WO_
fllwhOWOY[ykZl¡fR]f¢n©\W~fRh|v_h~¨¬__y»diYMyKdijkWOWO_yKdi|diY[yThUWOY@n:hUek_Y[WO|\@yKxdiYMWO°
WO_NdihUyk_NlOldiW~fRhO_W~f\<Y@­IT l~|kl~hO_]lutX]jKdOe Y@­hOek_»WU_Nl~_N\@WdUe§fRyITl`eK\[l^vK__yxgY[yk_
fRyKxg_mK_yKxg_ygh~nR|T¥«_eK\F[_»xg_[_inRY[m_Nx \hOek_Y[WU|­®Y[W`l~_NªMjk_yTh~f\FndiY[yKl¡fl~hU_yKdi|9d\Fn¢nR_Nx¼½
¾F¿T½FÀKÁ®Â>Ã[Ä¢ÂRÅÃTÆÂ>Ä¢ÂÁ®Ç%Á>ÈT½iÉ[ÊiÇNhUeK\@h/eK\Ml(xg__mmkWi\[dih~fd\FnXfR]`mgn¢fd\@h~fRY[yKlfRy»fR]`mgnR_]`_ygh\@hwfsYMyKl(Y@­
diY[]^mK_h~fRykZY[mK_Wi\@h~fRY[yKlfRyITlfRyM_WO|]jKdUe`hOek_
lO\@]`_¨\F|hUeK\@hDdiY[yKdijkWOWO_yKdi|%diY[yThUWOY@n
hOek_YMWO|µxgYg_Nl¹fRyfR]`mgnR_]`_ygh\@hwfsYMyKl
Y@­Ö]\@yg|diY[yKdijkWOWO_yKdi|»diY[yghOWOYnmkWUY[hOYkdiY@nl¥k±ek_WO_Nlwjgnshil
\@WU_/jKl~_i­®jgn#ykY[hY[ygnR|`hOYdUn©\W~f¢­¯|%mkWO_MfsYMjKl¡nR|mkWOY[mKYgl~_NxfR]`mgnR_]`_ygh\@hwfsYMyKlvkjkh\Fnl~YhOYxg_[_°
nRY[myk_¨Î_i´µdUfR_ygh
fs]^mgns_]^_yTh\h~fRY[yKl
­®Y[W(diY[yKl¡fl~hO_yKdi|diW~fRhO_W~f\%¨egfdOemkWOY@Mfxg_¤diYM]`mK_h~fRykZ
Y[m_W\@h~fRY[yKlutDl~jKdUe \[l`l~_NªMjk_yThwf©\on2diY[yKl¡fl~hO_yKdi|[t¹¨_N\@·Y[Wixg_W~fRykZ§r¨fRhOe l~_NªMjk_ygh~f\Fn2diY[yKl¡fl~°
hO_yKdi|Ì­¯YMW/diY[]`m_h~fRykZµ\[ddi_NlUl~_Nlit0\@yKxWU_ins_N\Ml~_diY[yKlf©lwhO_yKdi|r¨6fshUel~_NªMjk_yThwf©\ondiY[yKlf©lwhO_yKdi|
­®Y[WdiY[]`m_h~fRykZ»\[ddi_NlOl~_Nl ¥ /lfsykZhUek_¤lw_Nª[jk_ygh~f\Fn¢fRËN\@vgf¢nRfRh|hOek_Y[WO|[t0¨_xg_]^Y[yKl~hOW\hO_Nx¶hOek_
diY[WUWO_NdihOyk_NlOl
Y@­D_i{gfl~h~fRykZ»mkWUY[hOYkdiY@nl­®Y[W(l~_Nª[jk_ygh~f\Fn¬diY[yKlf©lwhO_yKdi|\@yKx\Fnl~Yµxg_M_insYMmK_Nxyk_¨
mkWOYMhOY}diYn©lu¥
   
³& 
)*/	
flOdijKlOlfsYMyKl
¨fRhOe
WN¥/jkWixMfsm<@fRykZ[e¨_WO_(ek_inRmg­¯jgnDhUYµxg_[_inRY[mhOek_ImkWOY[hOYkdiY@nlmkWO_Nlw_yThO_Nx
fRy[_NdihwfsYMy² ¥
 ä! !)*&$
     Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿

 
E
       8 
  
 
«_£KWl~hxg_i£Kyk_hO_WO]fRykY@nRY[ZM|µ\@yKx¶l~ekY@¨l~Y[]`_(mkWOYMmK_WOh~fR_Nl¥
±ek_
­¯YnpnRY@¨fRykZ%mkWOY[mKYgl¡fRh~fRY[y»ekY@nxkl
 INÔ Ô:3R©Ô 7K 0_h27!4®5\@yKx 7?Fk(v_»¨W~fRhO_YMmK_W\@hwfsYMyKl`l~jKdUe hOeK\@h 7!4¡5 
7?Fki¥}±6ek_y#t @«
	@7&4®50U  C «	@:7?kUX­¯YMW6\yT|%Y[vk~_Ndihk¥
 INÔ0ÔYMhO_(hOeK\@h­®Y[W\@yg|¨W~fRhO_(Y[mK_Wi\@h~fRY[y;7&4r5t @«
	@7!4®:50O: C 7!4¡50i¥
c2lOlwjk]`_[t@Y[yhUek_6diYMyThOWi\@WO|[tFhOeK\@h @«
	@7? O  @«
	@7!4¡50U¥N±ek_WO_\@WU_¬h~¨Y/d\[lw_Nl
hOY%diY[yKl¡fxg_W  %\@yKx   k¥
a[¥¦®­  kthOek_y @«
	@7? kO  7? ¥@fsyKdi_27!4®:502 7?N 6\@yKx @«
	@7!4®5O
 C 7 4 50t 7 4 50   « 	 :7 ? kU8  « 	 :7 4 5O C 7 4 :50¥X±egfl¤f©l^\
diY[yghOW\[xMfdih~fRY[y#¥
k¥¦®­   ktkhUek_y @«
	@7?FkU  @«
	@7!4®:50O< 7?N ¥K±egfl
diY[yThUW\[xMfdihlhOek_
xg_i£KygfRh~fRY[yY@­&n©\Ml~h¨W~fRhO_[¥ 
±ek_WO_i­®Y[WO_[t @«
	@7&4®50U  C «	@:7?N O 
«_(ykY@¨ xg_i£Kyk_hOek_­¯YnpnRY@¨fRykZ`hO_WU]fRykY@nRY[Z[| 
%Ð©RÔ  Ô:uÒONÐk@Ð*KÒ~Ó RÐ  #ÍkYMW2\^WO_N\[x¶Y[m_W\@h~fRY[y <G4 50¹fRy \`egfl~hUY[WO| hOeK\@h
flIjkyKxg_WhOek_`«9«9°rdiY[yKl~hOW\ofsyghNt0hOek_^]`YTl~hO°®WU_Ndi_yThO°®¨W~fRhO_`¨fRhOe<WO_Nl~m_NdihhOY <G4®5t#xg_ykY[hO_Nx
0« < 4 50UtMf©l
\¨WwfshU_(Y[mK_W\h~fRY[y;7 ?  ¬l~jKdUehOeK\@h
a[¥E7?N   @« M<G4®:50Otk\@yKx
k¥ @«
	@<G4 50O67? X­®Y[W\@yg|Y[v _Ndih  ¥ 
¶«
<D4rfl¶hOek_n©\hO_Nl~h»YMmK_W\@hwfsYMy \@]`Y[ykZ hOek_n\[l~h¶¨W~fRhO_Nl¶Y@­`\Fn¢n¤YMvk_Ndihil%¨fRhOe WU_Nl~°
m_NdihhOYC<G4®5¥DÍ Y[W_i{ \@]^mgns_[tdiY[yKl¡fxg_W%egfl~hOY[WO|  *%Z@fR[_y fRy ÍfRZ[jkWO_<a[¥X»«
:<G4®5  O
 »«
:< 4 5 + U  ¶« 2< 4 5uO  7 4 5
Ni¥}¶«
< 4 5
@O  7 ? :5u¥
_Nd\Fn¢n#hOeK\@hD¨_/diYMyKl¡fxg_W6IT lw|}l~hU_]lfRy%¨egfdOe%_N\[dUe`mkWOYkdi_NlOl~Y[W¹nRY}d\onpnR|%_Nl~h\@vgn¢fl~ek_Nl
WO_N\Mxkl~°>­¯WUY[] WU_in©\h~fRY[y¶­¯Y[W
_N\[dUeWO_N\[xYMmK_W\@hwfsYMyvK\Ml~_NxY[yhOek_Io\FnRjk_Nl2fsy¶fRhlnRYkd\Fn×mkWUY}di_Nl~°
l~YMW`]`_]`Y[WU|[¥D@fRyKdi_ 0cT±&4~<G4®:50O
fl`hUek_%n©\hO_Nl~h¨W~fRhO_Y[m_W\@h~fRY[y<fRy hOek_¨¨°>n¢fl~h%hOeK\@h
mkWOYkdi_NlOl~YMW> 4 eK\[l(WU_NdiY[Z[ygfRË_Nx0tXhOek_WO_^]jKlwhvK_%ykY»WU_N\[xkl~°>­®WOY[]ºWU_in©\h~fRY[y­®WOY[] \@yg|¨W~fRhO_
Y[m_W\@h~fRY[y^hOeK\@h­®Y@n¢nsY@¨/l cT±!4~:<G4®5O#hOY\@yg|WU_N\[xIY[mK_W\h~fRY[y`hOeK\@hXmkWU_Ndi_Nxg_Nl<G4¡5KfRy%hOek_
mkWOYkdi_NlOl~YMWO°®Y[Wxg_WY­ 4¥±eTjKlutgfRhfl_N\[lw|hOY%l~__(hOeK\@hhUek_
­¯Y@n¢nRY@¨fRykZmkWUY[mK_WOh~|%ekY@nxkl
 INÔ Ô:3R©Ô :M¦ry`\
egfl~hOY[WO|(jkyKxg_W¹hOek_D«9«9°rdiY[yKl~hUW\FfRyThFt­®Y[WX\@yT|(WU_N\[xIY[mK_W\h~fRY[y8< 4 5t
0« <D4®50U< C 0cIT±!4r:<G4¡50Oi¥ 
cnl~YKt hOek_
­¯YnpnRY@¨fRykZ%mkWOY[mKYgl¡fRh~fRY[y»ekY@nxkl
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ  a
 INÔ Ô:3R©Ô  #M¦ry`\
egfl~hOY[WO|(jkyKxg_W¹hOek_D«9«9°rdiY[yKl~hUW\FfRyThFt­®Y[WX\@yT|(WU_N\[xIY[mK_W\h~fRY[y8< 4 5t
@« g0« <D4®50UO  @« T:<G4¡50Oi¥ 
 INÔ0Ô0_h(« :<G4®5OXvK_ 7 *  ¥K±ek_WO_\WO_(h~¨¬Y`d\[lw_NlhOY`diY[yKl¡fxg_W
a[¥ ¬\[l~_`a  5  Ì0« <G4 50O  7 * 50U¥
±ek_y#tKdUnR_N\@W~nR|[t @« g0« <D4:50OO  « g<D4®5O  7 * 5¥
k¥ ¬\[l~_  5  
0_h @« T~« :<G4®5OODv_87 + 50i¥K±ek_y#thOek_WO_xgYg_NlykY[h/_i{gfl~h 7  5¬l~jKdUehOeK\@h
7 + :50 7  :50§0« <G4¡50UO  7 *  O¥gc(lOl~jk]`_[tkYMyhOek_diY[yghOW\WO|[tghOeK\@h
@« g0« <G4®:50OO  @« T:<G4®5O¥±ek_y#thOek_WO_]jKl~h_i{gfl~h7 
 :50`l~jKdOe hOeK\@h
7 * k2  7 
 50   < 4 :50¥±egfldiYMyThOWi\[xMfdihl(hOek_\[lOlwjk]`mkh~fRY[yhOeK\h87 * kfl
hOek_]`YTl~h%WO_Ndi_ygh¨W~fRhO_¨fRhOe9WO_Nl~mK_NdihhUY <D4r5`7 *    « :<G4®5OO¥¹±eTjKlut
@« g0« <G4®:50OO  « g<D4®5O¥

/l¡fRykZ±ek_Y[WO_] `\@yKxVXWUY[mK_WOhwfs_NlIa[tkktK\yKxktk¨_/mkWUYoM_±ek_Y[WO_]   ¥
 INÔ0Ô/Ô 4 5 ÐTÔ0FÐ      ÍkWOY[] VXWOY[mYTl¡fRh~fRY[y»kt« :< 4 5O C 0cIT± 4 < 4 50Oi¥}¸¹|
\@mkmgnR|MfRykZ»VXWOY[mYTl¡fRh~fRY[y<a[t @« T~« :<G4®5O C @« g 0cIT±!4r:<G4¡50OU¥
±ek_Y[WO_] »lwh\@hO_NlhOeK\@hIf¢­(<G4¡50
WO_N\[xkl 5­¯WOYM] 7? :50l~jKdUe hOeK\h @« g<G4 50O  C
7?F50t <G4®:50`flÌnR_ZT\Fnr¥ @« g<G4®:50O  @« g0« <G4®:50OO­®WOY[] VXWOYMmKYTl¡fRh~fRY[yÎkt
\@yKx
@« g0« <D4®50U  C @« T 0cT±&4r<D4®5OO(­®WOY[] hOek_\vKY@[_[¥±eTjKlutXf¢­><D4®5WO_N\Mxkl
5Ì­®WOY[] 7?N5Dl~jKdOe¶hOeK\@h @« g 0cIT±!4~<D4®50UO C 7?N5t<G4®5Xfl¹nR_ZT\Fnr¥ 
 ä! !)*&$
[   Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿


E
       
  +
    

	 
-   
 INÔÔ#@Ô 
9 "    ]\@yK\Z[_Nl¹hOek_(­®Y@n¢nRYo¨6fsykZxk\@h\l~hUWOjKdihOjkWO_Nl
 vk~_Ndih]`_]`Y[WU| K v _Ndih \@ykZ[_

 ±¨Y[°rxMfR]`_yKl¡fRY[yK\FnvgfRyK\@WO|<\@WOW\F|Yn©x #\Ml~h «W~fRhO_ VXWOYkdi_NlOl~Y[W \@ykZM_[tvk~_Ndih °
\@ykZ[_
¡¥
 Yn©x #\Ml~h «W~fRhO_ 0  #5 
  a¹f¢­XY[vk~_Ndih5^fRyhOek_
mkWOYkdi_NlOl~Y[W¹]`_]`Y[WO|%\@hDmkWOYkdi_NlOl~YMW
/4ekY@nxkl
\o\FnRjk_¨W~fRhOhU_yvT| @« g 0cIT±¹t
 Yn©x #\Ml~h «W~fRhO_ 0  #5 
   f¢­XY[vk~_Ndih5^fRyhOek_
mkWOYkdi_NlOl~Y[W¹]`_]`Y[WO|%\@hDmkWOYkdi_NlOl~YMW
/4XxgYg_NlykY[hekY@nx»\@\FnRjk_¨W~fRhOhU_yvT| @« g 0cIT±¹¥
D\[dUe_inR_]`_ygh/Y@­ Y@nx \[l~h «W~fRhO_
flfRygfRh~f\Fn¢fRË_NxhUY   ¥
¹\[dOemkWUY}di_NlOlwY[WA4X]\FfRyThi\FfRyKlhOek_(­®Y@n¢nRY@¨fRykZµxk\@hi\lwhOWOjKdihOjkWO_Nl 
 yk_°rxMfR]`_yKl¡fRY[yK\FnDvgfRyK\@WO|»\WOW\F|D\Fn¢fx 4vk_Ndih \@ykZM_
	
 D\Fn¢fx 4  5 
  afp­DYMvk_Ndih 5%fRy»hOek_(mkWUY}di_NlOlwY[W]`_]`YMWO|`fl@\Fn¢fx
 D\Fn¢fx 4  5 
   fp­DYMvk_Ndih 5%fRy»hOek_(mkWUY}di_NlOlwY[W]`_]`YMWO|`flykYMho\Fn¢fx
D\[dUe_inR_]`_ygh/Y@­D\Fn¢fx 4Xfl¹fRygfRh~f\Fn¢fRË_NxhOY  k¥
 ¬\[dUek_(]`_]`Y[WU| !4" 5 

­¯YMW_N\[dUeY[vk~_Ndih&5l~jKdUehOeK\@hD\Fn¢f©x 4# 5 
  a[t!4  5 
#ekY@nxkl/\I@\FnRjk_Y­×Y[v _NdihE5
¦¡yhUek_­®Y@n¢nRY@¨fRykZmkWOY[hOYkdiY@nrtK¨_`xg_ykY[hO_\Fn¢nDhOek__inR_]`_yghlfRy \^Y[yk_°rxMfR]`_yKl¡fRY[yK\Fn\@WOW\F|
	
vg|	
r¥@fs]¤fpn\@Wwns|[t¨_xg_ykY[hO_\Fn¢n×hUek__inR_]`_yghlfRyhUek_ 0    WOY@¨ \@yKxÌhOek_85   diY@nRjk]`yY@­
\h~¨Y[°rxMfR]`_yKl¡fRY[yK\on×\@WOW\F|	 vg|
	 0  
:\@yKx	  #5 
rtMWO_Nl~mK_NdihwfsM_ins|[¥
 Ð}Fk©Ô#%k NÔ#@ÐkNuÔ: 0
  RÐ 5/ #9   
l~_yKx  ¨W~fRhO_[t 5 9 
K]`_NlOlU\@Z[_(hOY    ½ 
WO_Ndi_ifR[_  _¨ D\Fn¢fx 
 
]`_NlOlO\Z[_­®WOY[]    ½- 
\} D\Fn¢fx 4 
  _¨ D\Fn¢f©x 
 
 I_ins_]^_yThO°®¨6f©lw_\[lOlfsZMyk]`_yThil 
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ M
 4  5 
   9
`ÐgKÕ  	  
 @\Fn¢f©x 4# 5 
    5 Ð*
l~_yKx  WO_N\[x0t 5 
:]^_NlOlO\@Z[_(hUY   ½ 
WO_Ndi_ifR[_  9t _¨ D\Fn¢f©x 
 
0­®WOY[]    ½- 
rv0 D\Fn¢fx 4 
  _¨ D\Fn¢fx 
 
 4  5 
  9 
Ð#Õ2 
WO_hOjkWOy&4  5 
 
 Ð}Fk©Ô#%k   ½
 FÔ#@ÐkN  Ó RÐ  5/ #9 <Ð}F Ð ~NÔ 
FÔÐ}FÔ: 0# 
"  5 
  9
dF Yn©x #\Ml~h «W~fRhO_  #5 
    
x Yn©x #\Ml~h «W~fRhO_ 0  #5 
  a
r_@ l~_yKx  Y@nx #\[l~h «WwfshU_ 0  
 
khOY`mkWUY}di_NlOlwY[W<0 
 l~_yKxhUek_20 ålWUYo¨9Y@­ Y@nx \[l~h «W~fRhO_(hOY
mkWOYkdi_NlOl~Y[WA 4 ¥
VXWOYkdi_NlOl~YMWA/4WO_Ndi_ifR[_NlhOek_WUYo¨ fRy _¨ D\Fn¢f©x  
 FÔ#@ÐkN ¢FÐTKÕ  5  ÐkN Ð ~FÔ  NÔ#@ÐkNuÔ: 0# 
®­F Yn©x #\Ml~h «W~fRhO_ 0  #5 
  a
rZ  l~_yKx  "  5 
rt Y@nx #\Ml~h «W~fRhO_ 0  
 
hOYmkWOY}di_NlUl~Y[WA4 
Y[hO_(hOeK\h_N\[dUemkWOY}di_NxgjkWU_(fl_i{k_NdijkhO_Nx¶\@hOY[]fd\Fn¢nR|[¥
1Ô0@NÐk@ 0Ð}F[
465 ÐgÔ:FÐ 0Ö±ek_\vKY@[_mkWOY[hOYkdiY@nfR]`mgnR_]`_yThil\l~_NªMjk_yThwf©\onpnR| diYMyKl¡fl~hO_yghxMf©lwhOW~fRvkjkhO_Nx
l~eK\WO_Nx]`_]^Y[WO|l~|kl~hO_]¶¥
 INÔ0Ô/Ô 465 ÐgÔ:FÐ:@fRyKdi_%T¶_] mkWUY}di_NlOlw_Nl/\Fn¢nÖhUek_¨W~fRhO_(YMmK_W\@hwfsYMyKl/l~_NªMjk_ygh~f\Fn¢ns|
\@yKxÌhOegflY[Wxg_WWO_in\@h~fRY[y»diY[yKl~hwfshUjkhO_NlhOek_(¨¨°®WO_in\@h~fRY[y#tkhOek_(«9«9°rdiY[yKl~hUW\FfRyTh¹fl_yg­¯Y[Widi_Nx0¥
«_`l~ekY@¨ hOeK\h±ek_Y[WO_]   fl(lO\@h~fl¡£K_Nx0¥0¦ ­ <D4®5Dfl\y_i{khO_WOyK\on×Y[m_W\@h~fRY[y#tfRh(WO_N\Mxkl
­®WOY[] «   cT±  itK\@yKx»±6ek_Y[WO_]   ekY@nxkl¥ Yo¨ItKl~jkmkmKYgl~_hOeK\hA< 4 50f©l
\@yÌfsyghO_WOyK\on
 ä! !)*&$
@   Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿
WO_N\Mx»YMmK_W\@hwfsYMy#¥ 0_h &)( *4 \@yKx&)( +4 v_`h~¨YµdiY[yKlw_Ndijkh~fR[_`_i{khO_WOyK\FnXY[mK_Wi\@h~fRY[yKl(Y­ 4 l~jKdUe
hOeK\h8&)( *4  547 <G4®:50 547 &4( +4 ¥c­¯hO_W&)( *4 flmK_W~­®Y[WO]^_Nx0t/4 ålImkWOYkdi_NlOl~Y[W]`_]^Y[WO|ekY@nxkl
Y[ygnR|@\FnRjk_NlY@­Y[vk~_Ndihl 5<¨W~fRhOhO_yvg| @« g 0cIT±X  @« g 0cIT±!4¡=&)( *4 OOOi¥#@fRyKdi_
fRyghO_WOyK\FnWO_N\[xY[m_W\@h~fRY[yKlIxgYykYMhdUeK\@ykZ[_ 0cT±&4/\@yKxhOek_WO_^f©lIykY_i{khO_WOyK\FnY[mK_W\h~fRY[y
v_h¨__y &)( *4 \@yKx <G4¡50t 0cIT±!4~<D4®5O  cT±!4~&4( 4rt¹±ek_WO_i­®Y[WO_[t<D4r5WO_N\[xkl¤­®WOY[]
@« g 0cIT±!4~<D4®5OOtg\@yKx»±ek_YMWO_]   fllO\h~fl¡£K_Nx0¥ 
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ M

 
E
         
   )
  /  
  	 
/   /
 INÔÔ#@Ô 
±ek_`mkW~fR]\@WU|diY[mg|l¡fRhO_`Y@­Y[vk~_Ndih 5#t/ "    ]\@yK\Z[_Nl
hOek_­®Y@n¢nRYo¨6fsykZxk\@h\l~hUWOjKdi°
hOjkWU_Nl
 vk~_Ndih]`_]`Y[WU| K 
 yk_°rxMfR]`_yKl¡fRY[yK\FnDvgfRyK\@WO|»\WOW\F|Y@nx #\[l~h «W~fRhO_  åVWOY}di_NlUl~Y[W \@ykZ[_

 Yn©x #\Ml~h «W~fRhO_   0 
  a kY[vk~_NdihA5%fRy¶hOek_mkWOYkdi_NlOl~YMW]`_]`Y[WU|\@hmkWOYkdi_NlOl~YMW
0XekY@nxkl
\o\onsjk_I¨W~fRhOhO_yvg| 0cT± Kt
 Yn©x #\Ml~h «W~fRhO_   0 
    kY[vk~_NdihA5%fRy¶hOek_mkWOYkdi_NlOl~YMW]`_]`Y[WU|\@hmkWOYkdi_NlOl~YMW
0DxgYg_NlykY[hekYn©x¶\o\onsjk_I¨W~fRhOhO_y¶vT| 0cIT± k¥
D\[dUe_inR_]`_ygh/Y@­ Y@nx \[l~h «W~fRhO_
flfRygfRh~f\Fn¢fRË_NxhUY   ¥
¹\[dOemkWUY}di_NlOlwY[WA4X]\FfRyThi\FfRyKlhOek_(­®Y@n¢nRY@¨fRykZµxk\@hi\lwhOWOjKdihOjkWO_Nl 
 yk_°rxMfR]`_yKl¡fRY[yK\FnDvgfRyK\@WO|»\WOW\F|D\Fn¢fx 4#vk~_Ndih \@ykZ[_

 D\Fn¢fx 4  5 
  akY[vk~_NdihA5%fRy¶hOek_(mkWOYkdi_NlOl~Y[W]^_]`Y[WO|^fl@\Fn¢f©x
 D\Fn¢fx 4  5 
   kY[vk~_NdihA5%fRy¶hOek_(mkWOYkdi_NlOl~Y[W]^_]`Y[WO|^flykY[h@\Fn¢f©x
D\[dUe_inR_]`_ygh/Y@­D\Fn¢fx 4Xfl¹fRygfRh~f\Fn¢fRË_NxhOY  k¥
 ÍkY[W_N\[dUe%Y[vk~_Ndih&5lwjKdOe%hOeK\@h D\Fn¢fx 4  5 
  a[t !4" 5 
 !4" 5 
 f©l6mkWOY}di_NlUl~Y[W]`_]`Y[WU|`hOY
ekY@nx@\FnRjk_Y@­XY[vk~_NdihA50
 Ð}Fk©Ô#%k NÔ#@ÐkNuÔ: /4
  RÐ 5/ #9   
l~_yKx  ¨WwfshU_[t 9Kt D\Fn¢f©x 4#
 
0hOY   ½  
WO_Ndi_ifR[_ _¨ D\Fn¢fx 
 
#]^_NlOlO\@Z[_
­®WOY[]   ½-  
D\Fn¢fx 4 
  _¨ D\Fn¢f©x 
   (_ins_]^_yThO°®¨6f©lw_¤\MlOl¡fRZ[yk]`_yghl 
!4" 5 
   9
`ÐgKÕ  	  
 @\Fn¢f©x 4  5 
    5 Ð*
 ä! !)*&$
     Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿
l~_yKx  WO_N\Mx0t D\Fn¢fx 4 
 
:]^_NlOlO\@Z[_
hOY    ½-  
WO_Ndi_ifR[_ 9t _¨ D\Fn¢f©x 
 
#]`_NlUlO\@Z[_
­®WOY[]    ½  
D\Fn¢fx 4 
  _¨ D\Fn¢fx 
 
!4" 5 
  9 
Ð#Õ2 
WO_hOjkWOy&4  5 
 
 Ð}Fk©Ô#%k    ½  
 FÔ#@ÐkN  ¨W~fRhO_  9 D\Fn¢fx 4  
  <Ð}F KÐ FÔ  ÖFÔ#@ÐkNÔ0 0  
    9 
Yn©x #\Ml~h «W~fRhO_  
    
Yn©x #\Ml~h «W~fRhO_   0 
  a 
d\Fn¢n Dek_NdU· D\Fn¢fxMfRh~|K D\onpfx 4 
 50 
D\Fn¢fx 4  5 
  a
l~_yKx  D\Fn¢f©x 4#
 
0hOYmkWOYkdi_NlOl~Y[W<0 
 l~_yKxÌhOYmkWOYkdi_NlOl~Y[WA4XhOek_(yk_¨ o\FnRjk_IY@­ D\onpfx 4O¥
VWOY}di_NlUl~Y[WA4ÖWU_Ndi_ifsM_NlhOek_IWOY@¨ fsy_¨ D\Fn¢fx  
 FÔ#@ÐkN ¢FÐTKÕ  Õ4"
   ÐkN Ð ~FÔ  NÔ#@ÐkNuÔ: 0# 
Yn©x #\Ml~h «W~fRhO_   0 
  a
d\Fn¢n Dek_NdU· D\Fn¢fxMfRh~|K D\onpfx 4
 50 
D\Fn¢fx 4  5 
  a
l~_yKx   gtD\Fn¢fx 4#
 
0hOY^mkWOY}di_NlUl~Y[WA4 
XÔ#@  IFÔÐ}Õ FÐ Dek_NdU· D\Fn¢fxMfRh|(  D\onpfx 4
 #50
rÔ0 %l~jKdUehOeK\@h  5¶	 Õ D\Fn¢fx 4   
  a(ÕÔ
l~_yKx  o\Fn¢fxk\@hO_[t0 
0hOY$ "     
rÔ0 %l~jKdUehOeK\@h  5¶	 Õ D\Fn¢fx 4   
  a(ÕÔ
WO_Ndi_ifR[_  ]`_NlOlU\@Z[_
­¯WUY[]  "   
 ]`_NlUlO\@Z[_  yK\[dU·% 5 Ð* D\Fn¢fx 4   
    
Ð#Õ
 FÔ#@ÐkN  o\Fn¢fxk\@hO_      ÐkNu KÐ FÔ   "       
\}  E    flmkWOYkdi_NlOl¡fRykZµ\¤¨W~fRhO_(WO_NªMjk_Nl~hÔ0 Y@nx #\[l~h «W~fRhO_    
   
rv0  5 Ð* l~_yKx  yK\[dU· 
0hOY$ "     
dF Ð >Ð»lw_yKxå\[dU· 
#hUY> "     
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ }
1Ô0@NÐk@ 0Ð}F
465 ÐgÔ:FÐ Ö±ek_\vKY@[_mkWOY[hOYkdiY@nfR]`mgnR_]`_yThil\l~_NªMjk_yThwf©\onpnR| diYMyKl¡fl~hO_yghxMf©lwhOW~fRvkjkhO_Nx
l~eK\WO_Nx]`_]^Y[WO|l~|kl~hO_]¶¥
 INÔ0Ô¬Ô 465 ÐgÔ:FÐ KÍfRWl~hNtM¨¬_
l~ekY@¨ hOeK\@h¹hOek_mkWOYMhOY}diYnK_yg­¯Y[Widi_NlDhUek_  °rdiY[yKl~hOWi\FfRyTh
\@yKxns_Zg\Fn¢fsh~|[¥ yhUek_¤lU\@]`_Y[vk~_NdihNthOek_Y[Wxg_W(vK_h~¨__y\@yg|»h~¨Y`¨W~fRhO_`YMmK_W\@hwfsYMyKl(\@yKx
hOek_(YMWxg_WvK_h~¨__y»\¨W~fRhO_
Y[mK_Wi\@h~fRY[y»\@yKx\@y_i{khO_WOyK\onWU_N\[x`YMmK_W\@hwfsYMy»\@WO_xg_hO_WO]¤fsyk_Nx
vg|hOek_Y[Wixg_WfRy§¨egfdUe§hOek_%Y[mK_W\h~fRY[yKl\@WO_%mkWOY}di_NlUl~_Nx<vT|hOek_µ\MlOl~YkdUf©\hO_Nx V¹¶_]5]^Y[°
xgjgnR_[¥@fRyKdi_`\@y_i{}hU_WOyK\FnÖWO_N\Mx%Y[mK_W\h~fRY[y»WO_N\Mxkl¹­¯WUY[]!hOek_I]`YTl~hWO_Ndi_ygh~nR|_i{}_NdijkhU_Nx»¨W~fRhO_
Y[m_W\@h~fRY[y¶Y[yhOek_lO\]`_(Y[vk~_NdihNtghOek_(nR_ZT\onpfRh~|%flZ[jK\@Wi\@yThU__Nx0¥
DY[yKl¡fxg_WhOek_Y[Wxg_WIvK_h~¨__y \¶¨WwfshU_Y[m_W\@h~fRY[y§\@yKx<\@yfsyghO_WOyK\on6WU_N\[xYMmK_W\@hwfsYMy#¥
0_h < 4 5XvK_(\@y`fRyghO_WOyK\Fn#WO_N\Mx`Y[m_W\@h~fRY[y#¥k±ek_y#tghOek_WU_/]jKl~h¹vK_\I¨W~fRhO_
Y[mK_Wi\@h~fRY[y%Y[y35
vg|l~YM]`_mkWOY}di_NlUl~Y[WNt0lO\F|7?N5t0\@yKx\@y_i{}hO_WUyK\Fn×YMmK_W\@hwfsYMyvT|4Ot0lO\F| 4~t4X]\F|vK_
7?F50ODl~jKdUe»hUeK\@h
a[¥4#flhOek_
n\[l~h_i{khO_WOyK\FnY[mK_W\h~fRY[yvT|24XvK_i­®Y[WO_ <G4¡5Öfl_i{}_NdijkhU_Nx
k¥¨ek_y40fl_i{k_NdijkhO_Nx0t7?N5  0cIT± `\@yKx%hOek_nRY}d\Fn#]`_]^Y[WO|`Y@­ /4ÖdiYMyTh\ofsyKl6hOek_
o\FnRjk_I¨W~fRhOhO_y¶vT|27?N5 k\@yKx
k¥hOek_WO_
fl¹ykY`¨W~fRhO_
Y[m_W\@h~fRY[yY[y25hUeK\@hVD¶_] lwh\@WOhlhOY_i{k_NdijkhO_IvK_i­®Y[WO_(VD¶_] 
WO_Ndi_ifR[_NlhOek_(o\Fn¢fxk\@hO_]`_NlUlO\@Z[_
­®Y[W4¥
0_h 7?50Kv_DhOek_Xyk_i{kh¨W~fRhO_XY[m_W\@h~fRY[yIhOeK\@hÖV¹»_] ¬_i{k_NdijkhO_Nl­¯YnpnRY@¨fRykZ 7?N5#VD¶_] 
]\F|¶_i{}_NdijkhO_%l~_[_W\FnD_i{khO_WOyK\on×WO_N\MxY[mK_Wi\@h~fRY[yKlfRyvK_h~¨__y 7?F50\@yKx 7?50U¥:±6ek_y#t
7?F50A<D4®56\@yKx <G4¡50 7?@5¥0@fRyKdi_$<D4®50WO_N\[xklhOek_Io\FnRjk_`¨WwfshUhO_y»vg|7?N5t
hOek_nR_ZT\Fn¢fRh|%flZMjK\@W\@yghO__Nx0¥
¦ry hUek_»]\@ykyk_Wxg_NlOdiW~fRv_Nx \vKY@[_[tD\@yg|<mK\FfRWY@­`¡¨W~fRhO_[tX¨WwfshU_@trWO_N\Mx0tX¨W~fRhO_@t¹\@yKx
r¨W~fRhO_[tWO_N\[xY[mK_W\h~fRY[yKlfl#YMWxg_WO_Nx0¥N±egjKlthUek_ °rdiY[yKl~hOW\ofsyghf©l_yg­¯Y[Widi_Nx0¥­®jkWOhOek_WO]^Y[WO_[t
hOek_nR_ZT\Fn¢fRh|%flZMjK\@W\@yghO__Nx0¥
¦ryhOegflmkWOY[hOYkdiY@nrtFykYdiY[]`mKYMyk_yThfRyhUek_6lw|}l~hU_] ]\ofsygh\FfRyKlhOek_diY[]^mgns_hU_DfRyg­®Y[WO]\h~fRY[y
Y[y\Fn¢n#hOek_
WO_N\[x`\@yKx^¨W~fRhO_
Y[m_W\@h~fRY[y%Y[y\@yT|Y[yk_
Y[vk~_NdihN¥g±eTjKlut}\MlDxMflOdijKlOl~_Nx^fRy[_Ndih~fRY[y
K¥ ktg¨¬_(yk__NxÌhOY`l~ekY@¨hOeK\@hhOek_ImkWOY[hOYkdiY@n0­®Y[WO]l\[di|kdUn¢f©dIWO_in\@hwfsYMyY@­×hUek_(mkWOY}di_NlUl~Y[WO°®Y[Wixg_W
\@yKxhOek_%YTYM°®WO_in\@h~fRY[y#¥ÖÍ Y[WYMmK_W\@hwfsYMy &)(YMy Y[v _Ndih 5vg|mkWOY}di_NlUl~Y[W /4~t0nR_h
	i=&)(0(\@yKx
	 ; =&)(0Dxg_ykY[hU_[t
 f¢­'&)(fl\Z@nRY[vK\FnY[mK_Wi\@h~fRY[y#t#hUek_h~fR]`_Nl\@h(¨egf©dUe VD¶_] »lwh\@WOhl(\yKxdiY[]`mgnR_hO_Nl
hOek_(_i{k_Ndijkh~fRY[yY@­ &)(#tkWO_NlwmK_Ndih~fR[_inR|
 f¢­ &)( fl»\nRYkd\FnY[m_W\@h~fRY[y#thOek_h~fR]`_Nl\@h¨egfdUe /4l~h\@WUhl\yKxdiY[]`mgnR_hO_NlÌhOek_
_i{}_NdijkhwfsYMy»Y@­:&)(#tkWO_Nl~m_Ndih~fR[_inR| 
 ä! !)*&$
     Â©Å ¿gÀKÉ ¬ÃMÇoÀÃ[ÄK\@yKx	
#ÈgÉ[¿
±ek_y#tkhOek_­¯Y@n¢nRY@¨fRykZ`mkWOY[m_WOh~fR_NlekY@nx 
a[¥¦®­ &)( *
\@yKx &)(,+\@WO_
Z@nRY[vK\Fn#Y[m_W\@h~fRY[yKl¹Y[y%hOek_(lO\@]`_Y[vk~_Ndih&5%\@yKxA&)( * &4( +
r¨_
jKl~_ E*
hUY¤xg_ykYMhO_hOegflWU_in©\h~fRY[y0thOek_y 	 ; &4( *F:/ 	i=&)(,+u¥
k¥¦®­ &)( *I\@yKx3&)(,+I\@WO_(nRYkd\FnXY[mK_W\h~fRY[yKlvg|hOek_lO\@]`_ImkWOY}di_NlUl~Y[W /4D\@yKx$&)( *2 5)7 &)(,+
r¨_(jKl~_+
hOYxg_ykYMhO_(hOegflWU_in©\h~fRY[y0tkhOek_y 	 ; &)*u / 	  =& +¥
k¥¦®­A<G4¡5f©l\^nRYkd\Fn¬WO_N\MxY[mK_Wi\@h~fRY[y \@yKx7?N5f©l\Ì¨W~fRhO_`Y[m_W\@h~fRY[y =0   /\@yKx
<G4¡50:!7?N:50Xr¨_jKl~_   hOYxg_ykY[hU_/hOegfl¹WO_in\@h~fRY[y0it[hOek_y%¨_/d\@ykykY[hxg_hO_WO]¤fsyk_
hOek_(WO_N\Fnh~fR]`_(WO_in\@h~fRY[y¶vK_h~¨__y;<G4 50¬\yKx27?N5¥
«_xg_ykY[hO_\WU_in©\h~fRY[y»hOeK\hDfl_ifRhOek_W E*
YMW2+
vT|E*

+@¥
[jkmkmKYTl~_hOeK\hÖhOek_¹_i{}_NdijkhwfsYMydiWO_N\@hO_Nldi|kdUnpfdWU_in©\h~fRY[y#¥[±ek_y#tFhOek_WO_]jKl~h#_i{gf©lwhD\@h#nR_N\[lwh
Y[yk_IWO_in\@h~fRY[y@  fsy¶hOek_di|kdUns_[¥#¸¹|%WO_yK\@]fRykZ%mkWOYkdi_NlOl~Y[Wl¬fp­Xyk_Ndi_NlOlO\WO|[tKhUek_di|}dUnR_]\F|`vK_
WO_mkWU_Nl~_yThU_NxvT|<-*F5 *u<  7+:5 *u<E*

+ <  5  <  7 
 5  <E*

+ <  5  <  7  5   E*

+
,-,, E*

+!<  

*F5 

*F:  7   5  

*F:E*

+E<    *F5    *F  <*u5 *F¥
DY[yKl¡fxg_W\l~_Nª[jk_yKdi_
Y@­ÖYMmK_W\@hwfsYMyKlDWU_in©\hO_Nx`YMygns|^vT|3E*

+¹fRyhOek_(di|kdUns_ghOeK\hXfltk\l~_°
ªMjk_yKdi_Y@­}\Fn¢nThOek_¹Y[mK_Wi\@h~fRY[yKlfRyv_h~¨¬__y 7&4

*F5 4

+F0\@yKx <G4¡54 :l~jKdUehOeK\@h/7!4

*F5 4

+F:E*

+
,-,, E*

+E<D4®5 4rX­®Y[W/ />06/ 9a[¥K±ek_WU_]jKl~hv_\@hnR_N\[lwh/Y[yk_(ZnsYMvK\Fn×YMmK_W\@hwfsYMy 4¡-4¡
Y[yl~Y[]^_Y[vk~_Ndih  4 vT|  4 l~jKdOe%hOeK\@h!7 4

* 5 4

+ : C*

+  4  4  *

+ < 4 :5 4  Tl¡fRyKdi_
Y[hOek_WO¨6f©lw_[t
7!4

*F5 4

+FÖ\@yKx <D4®54¡#¨Y[jgnxIykY[hXvK_WU_in©\hO_NxIvT| E*

+@¥N¦ ­#hOek_WO_\@WO_]`Y[WU_DhOeK\@yY[yk_Z@nRY[vK\on
Y[m_W\@h~fRY[y<vg| 4¹fRy v_h¨__y 7!4

*5 4

+F(\@yKx <D4r5 4®thOek_ynR_h  4¡-4¡/vK_^hOek_`n\[lwhl~jKdUe
Y[m_W\@h~fRY[y#¥
« ek_y§VD¶_]  mkWOYkdi_NlOl~_NlIhOek_%WO_Nª[jk_Nlwh­®Y[W  4¡-4¡t0fRh`l~_yKxkl`\Ìo\Fn¢fxk\@hO_]`_NlUlO\@Z[_%hOY
V¹»_] 	Öl¡fRyKdi_ImkWOY}di_NlUl~Y[WE/4ekY@nxkl\Io\FnRjk_
­®Y[WE540fRy%fRhlnRY}d\Fn]`_]`Y[WO|[YMhOek_WO¨fl~_[tMnRY}d\on
WO_N\Mx<G4 54¡D¨Y[jgnx%ykY[hYkddijkWN¥ 0_h 	@4®-4¡ODvK_IhOek_(h~fR]`_\@h¨egfdOe
a[¥¹f¢­ -4  5 4t#V¹»_] 	WO_Ndi_ifR[_NlIhOek_`@\Fn¢f©xk\hO_]^_NlOlO\@Z[_¤­¯WOYM]ºVD¶_]  Y[yv_eK\Fn¢­/Y@­
4r-4¡ k\@yKx
k¥¹f¢­ 4  5 4tVD¶_]  XdiY[]`mgnR_hO_NlhOek_(_i{k_Ndijkh~fRY[y»Y@­ 4r4¡¥
±ek_WO_\@WO_(h~¨Y`d\[l~_NlhUYdiY[yKl¡fxg_W
a[¥ ¬\[l~_¶a-4  54¡ #l¡fRyKdi_»VD¶_]   B xMfxykY[hfRyT@\Fn¢f©xk\hO_hOek_$5 4o\FnRjk_^fRy 4  l
nRY}d\on]`_]`Y[WU|[t 	@4®-4rU  	  7!4  *5 4rUD]jKl~hekY@nx»\MddiY[WxMfRykZhUY`hOek_mkWUY[hOYkdiY@nXrWO_i­®_WhOYl~hU_m\gO¥
k¥ ¬\[l~_¤-4  5 4r [lfsyKdi_(VD¶_]  B mkWO_Ndi_NlUl~_NlXY[m_W\@h~fRY[yKl¹l~_NªMjk_yTh~f\Fn¢nR|[tk\@yKx 4¡54®7 4  * 5 4 it 	   4  4 U: 	  7 4  * 5 4 ODekY@nxkl¥
é(éø
 0½¾F¿T½FÀKÁ®Â>Ã[ÄDÉ[Àk¼Â©¼ Á®½FÀNÇ M
Í jkWOhOek_WO]`YMWO_[t 	  :7 4

* 5 4

+ O3/ 	    4 5 4 Ol¡fRyKdi_ 7 4

* 5 4

+ 3 C*

+  4  4 ¥D±6eTjKlt¹¨_
]jKl~h#eK\F[_ 	@ *u+*U: 	i7+u5 *FU:/ 	@4 u  O: 	i<D4 F5  O:/ ,,, / 	@  

*u  

*@U:
	i7   5  

*FO/ 	 @  *u+*F±eTjKlut 	@ *u+*O 	@    *F    *O  	@ *u+*FO¥K±6egf©lfl\%diY[yghOW\[xMfdih~fRY[y hOek_WO_i­®Y[WO_[thOek_mkWUY}di_NlOlwY[WO°®Y[Wxg_W(\@yKxÌY[vk~_NdihO°®Y[Wxg_WWU_in©\h~fRY[ydiWO_N\@hO_NxÌvT|
hOek_I_i{}_NdijkhwfsYMyfl/\Mdi|}dUn¢fd@t:\yKx%hOek__i{k_Ndijkh~fRY[y»WU_mkWO_Nl~_yghl\egfl~hOYMWO|[¥ 
 ä! !)*&$
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Unité de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
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